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ABSTRACT
The postulate of universal local Weyl scaling (conformal) symmetry requires modify-
ing both general relativity and the Higgs scalar field model. Conformal gravity (CG)
is confirmed by a fit to rotation data for 138 galaxies. The conformal Higgs model
(CHM) acquires a gravitational effect that fits observed Hubble expansion for red-
shifts z ≤ 1 (7.33 Gyr) accurately with only one free parameter. Neither model requires
dark matter. The two theories are shown here to be compatible. The nonclassical CG
acceleration parameter is determined by the CHM. A recently established empirical
relationship between classical and nonclassical galactic radial acceleration requires pre-
dicted nonclassical acceleration to be independent of galactic mass. Conformal theory
is shown here to be consistent with this and with the v4 baryonic Tully-Fisher relation
for orbital rotation velocities. The present analysis resolves recent criticism of CG.
Vanishing of centripetal acceleration outside a halo boundary, a unique implication of
conformal theory, is confirmed.
Key words: gravitation – galaxies: kinematics and dynamics – cosmology: theory,
dark matter, dark energy
1 INTRODUCTION
In the currently accepted ΛCDM paradigm for cosmology,
gravitational phenomena that cannot be explained by gen-
eral relativity as formulated by Einstein are attributed to
cold dark matter. Dark energy Λ remains without an expla-
nation. The search for tangible dark matter has continued
for many years (Sanders 2010).
Consideration of an alternative paradigm is moti-
vated by this situation. An alternative postulate is that
of universal conformal symmetry, requiring local Weyl
scaling covariance (Weyl 1918; Mannheim 2006) for all
massless elementary physical fields, without dark mat-
ter (Nesbet 2013). Conformal symmetry, valid for fermion
and gauge boson fields (DeWitt 1964), is extended to
both the metric tensor field of general relativity and the
Higgs scalar field of elementary-particle theory (Higgs 1964;
Cottingham and Greenwood 1998), without any novel el-
ementary fields. This postulate is exemplified by confor-
mal gravity (Mannheim and Kazanas 1989; Mannheim 1990,
1991, 2006, 2012) and by the conformal Higgs model (Nesbet
2011, 2010, 2015).
Substantial empirical support for this proposed break
with convention is provided by recent applications of CG
to excessive galactic rotation velocities (Mannheim 1997;
⋆ E-mail: rkn@earthlink.net
Mannheim and O’Brien 2011, 2012; O’Brien and Mannheim
2012; O’Brien and Moss 2015) and of the CHM to Hubble
expansion (Nesbet 2011, 2010), in a consistent model of ex-
tended dark galactic halos (Nesbet 2015). As recently re-
viewed (Mannheim 2006, 2012; Nesbet 2013), conformal the-
ory fits observed data for an isolated galaxy without invok-
ing dark matter, while resolving several longstanding para-
doxes. Suitably formulated conformal theory can explain a
recently established radial acceleration relation (RAR) in-
ferred from galactic mass and rotation data (McGaugh et al
2016; Nesbet 2018). Significant revision of theory for galaxy
formation and galactic clusters is implied (Nesbet 2013,
2015).
Conformal gravity (CG) (Mannheim 2006) retains the
logical structure of general relativity, but replaces the
Einstein-Hilbert Lagrangian density by a quadratic con-
traction of the conformal Weyl tensor (Weyl 1918). Con-
formal gravity ensures consistency of the gravitational
field equations, while preserving subgalactic phenomenology
(Mannheim and Kazanas 1989; Mannheim 2006). The con-
formal Higgs model (CHM) includes a gravitational term
confirmed by Hubble expansion (Nesbet 2011).
CG and the CHM are not obviously compatible. The
CHM supports the Higgs mechanism, spontaneous SU(2)
symmetry-breaking, which also breaks conformal symmetry
(Nesbet 2010) and invalidates a transformation connecting
the two distinct metrics invoked for successful fits to galactic
c© 2018 The Authors
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rotation and Hubble expansion. The present paper is con-
cerned with reconciling CG and CHM in a valid universal
conformal theory (Nesbet 2013).
The argument here examines the interdependence of
conformal gravity and the conformal Higgs model, in the
context of a dark halo model (Nesbet 2015) of an iso-
lated galaxy. It is shown that these three aspects of con-
formal theory are mutually consistent and agree with ob-
served phenomena including rotation velocities and accel-
erating Hubble expansion. This resolves open questions re-
garding implications of conformal gravity (Flanagan 2006;
Brihaye and Verbin 2009; Yoon 2013), including the possi-
bility that the CHM might cancel out the nonclassical ac-
celeration of CG (Horne 2016).
2 CONFORMAL THEORIES AND THE
DEPLETED HALO MODEL
CG and CHM must be consistent for an isolated galaxy
and its dark halo, observed by gravitational lensing. A
model valid for nonclassical gravitation can take advantage
of spherical symmetry at large galactic radii, assuming clas-
sical gravitation within an effective galactic radius rG.
A galaxy of mass M is modeled by spherically aver-
aged mass density ρG/c
2 within rG, formed by condensa-
tion of primordial uniform, isotropic matter of mass density
ρm/c
2 from a sphere of large radius rH (Nesbet 2015). The
dark halo inferred from gravitational lensing and centripetal
acceleration is identified with this depleted sphere (Nesbet
2015). Given constant model density ρ¯G within rG, this im-
plies large empty halo radius rH = rG(ρ¯G/ρm)
1
3 .
Gravitational field equations are determined by metric
functional derivative Xµν = 1√−g
δI
δgµν
, where g is the deter-
minant of gµν , and action integral I =
∫
d4x
√−g∑
a
La
(Weinberg 1972; Nesbet 2003; Mannheim 2006). Given
δL = xµνδgµν , Xµν = xµν + 12Lgµν . Scalar Lagrangian
density La determines variational energy-momentum ten-
sor Θµνa = −2Xµνa , evaluated for a solution of the cou-
pled field equations. For a bare conformal field, trace
gµνX
µν
a = 0 (Mannheim 2006). Generalized Einstein equa-
tion
∑
a
Xµνa = 0 is expressed as X
µν
g =
1
2
∑
a 6=g Θ
µν
a .
Summed trace
∑
a
gµνX
µν
a vanishes for exact field solutions.
A conformally invariant action integral is defined by
Lagrangian density LW = −αgCµκνλ Cλµκν for Weyl tensor
Cµκνλ , a traceless projection of the Riemann tensor (Weyl
1918). After removing a 4-divergence (Mannheim 2006),
Lg = −2αg(RµνRµν − 13R2), where R = gµνRµν . Conformal
symmetry fixes the relative coefficient of the two quadratic
terms. For uniform density ρ¯ the Weyl tensor vanishes iden-
tically, so that Xµνg ≡ 0 for a uniform, isotropic cosmos.
In the conformal Higgs model, unique Lagrangian den-
sity LΦ (Mannheim 2006; Nesbet 2011, 2010) of Higgs scalar
field Φ includes
∆LΦ = (w2 − 1
6
R− λΦ†Φ)Φ†Φ. (1)
Assumed nonzero constants w2 and λ are not determined by
standard theory (Higgs 1964; Cottingham and Greenwood
1998). Concurrent solution of the scalar and metric tensor
field equations determines nonzero Φ†Φ = φ20 (the Higgs
mechanism) and replaces Einstein tensor Gµν in the gravi-
tational equation by traceless conformal tensor Rµν− 1
4
gµνR
(Nesbet 2011, 2010).
Observed excessive galactic rotational velocities have
been studied and parametrized using conformal Weyl La-
grangian density Lg (Mannheim 2006, 2012). Hubble ex-
pansion has been parametrized using conformal Higgs scalar
field Lagrangian density LΦ (Nesbet 2011). The generalized
Einstein equation exactly cancels any vacuum energy den-
sity.
Metric tensor gµν is determined by conformal field equa-
tions derived from Lg+LΦ (Nesbet 2015), driven by energy-
momentum tensor Θµνm , where subscript m refers to conven-
tional matter and radiation. The gravitational field equation
within halo radius rH is
Xµνg +X
µν
Φ =
1
2
Θµνm . (2)
Defining mean density ρ¯G and residual density ρˆG = ρG−ρ¯G,
and assuming Θµνm (ρ) ≃ Θµνm (ρ¯) + Θµνm (ρˆ), solutions for r ≤
rG of the two equations
Xµνg =
1
2
Θµνm (ρˆG), X
µν
Φ =
1
2
Θµνm (ρ¯G) (3)
decouple and imply a solution of the full equation.
The XΦ equation with source density ρ¯ has an exact
solution for uniform, isotropic geometry (Nesbet 2011, 2013)
in the Robertson-Walker (FLRW) metric,
ds2RW = −dt2 + a2(t)( dr
2
1− kr2 + r
2dω2), (4)
where dω2 = dθ2 + sin2 θdφ2. This removes any mean den-
sity source from the Xg equation, leaving only the residual
density, which integrates to zero over a closed volume. There
is no residual vacuum energy.
Solution of the Xg equation is discussed below for a
static spherical galactic model in Schwarzschild metric
ds2ES = −B(r)dt2 + dr
2
B(r)
+ r2dω2. (5)
Broken conformal symmetry requires a composite hybrid
metric such as
ds2 = −B(r)dt2 + a2(t)( dr
2
B(r)
+ r2dω2). (6)
Solutions in the two distinct primitive metrics can be made
consistent by fitting parameters to boundary conditions and
setting cosmic curvature constant k = 0, justified by cur-
rently observed data.
3 CONFORMAL GRAVITY
The unique Lagrangian density Lg of conformal gravity the-
ory, constructed from the conformal Weyl tensor (Weyl 1918;
Mannheim and Kazanas 1989; Mannheim 2006), determines
Schwarzschild gravitational potential
B(r) = −2β/r + α+ γr − κr2, (7)
valid outside a spherically symmetric mass/energy source
density (Mannheim and Kazanas 1989; Mannheim 1991).
Anomalous rotation velocities for 138 galaxies are fit-
ted using only four universal parameters β∗, γ∗, γ0, κ
MNRAS 000, 1–?? (2018)
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(Mannheim 2006, 2012; Mannheim and O’Brien 2011;
O’Brien and Moss 2015) such that β = N∗β∗ = GM/c2, γ =
γ0 + N
∗γ∗. N∗ is galactic baryonic mass M in solar
mass units. Inferred parameter values (Mannheim 2006;
Mannheim and O’Brien 2012),
β∗ = 1.475 × 103m, γ0 = 3.06× 10−28/m,
γ∗ = 5.42× 10−39/m, κ = 9.54× 10−50/m2, (8)
fit conformal gravity to galactic rotation velocities.
The static exterior Schwarzschild (ES) met-
ric is defined by ds2ES = −B(r)dt2 + dr
2
B(r)
+ r2dω2
(Mannheim and Kazanas 1989), where c = h¯ = 1 and
dω2 = dθ2 + sin2 θdφ2. Given mass/energy source density
f(r) enclosed within r¯, the field equation in the ES metric
is (Mannheim and Kazanas 1989; Mannheim 1991)
∂4r (rB(r)) = rf(r), (9)
for f(r) determined by the source energy-momentum tensor.
For constants related by α2 = 1 − 6βγ
(Mannheim and Kazanas 1991),
y0(r) = rB(r) = −2β + αr + γr2 − κr3, (10)
is a solution of the tensorial field equation for source-free
r ≥ r¯ (Mannheim and Kazanas 1989; Mannheim 1991).
Derivative functions yi(r) = ∂
i
r(rB(r)), 0 ≤ i ≤ 3 satisfy
differential equations
∂ryi = yi+1, 0 ≤ i ≤ 2,
∂ry3 = rf(r). (11)
The general solution, for independent constants ci = yi(0),
determines coefficients β, α, γ, κ such that at endpoint r¯
y0(r¯) = −2β + αr¯ + γr¯2 − κr¯3,
y1(r¯) = α+ 2γr¯ − 3κr¯2,
y2(r¯) = 2γ − 6κr¯,
y3(r¯) = −6κ. (12)
Gravitational potential B(r) is required to be differentiable
and free of singularities. c0 = 0 prevents a singularity at
the origin. Values of c1, c2, c3 can be chosen to match outer
boundary conditions α = 1, γ = 0, κ = 0 at r = r¯. This de-
termines parameter β. Specific values of γ and κ, consistent
with Hubble expansion and the observed galactic dark halo
(Nesbet 2011, 2015), can be fitted by adjusting c1, c2, c3,
subject to c0 = 0, α
2 = 1− 6βγ.
The proposed particular solution, given γ, κ, is
rB(r) = y0(r) = −1
6
∫ r
0
q4fdq + αr − 1
2
r
∫ r¯
r
q3fdq
+γr2 +
1
2
r2
∫ r¯
r
q2fdq − κr3 − 1
6
r3
∫ r¯
r
qfdq. (13)
Integrated parameters ci = yi(0) are c1 = α − 12
∫ r¯
0
q3fdq,
c2 = 2γ +
∫ r¯
0
q2fdq, c3 = −6κ −
∫ r¯
0
qfdq, and at r = r¯,
2β = 1
6
∫ r¯
0
q4fdq. Term γr2 + 1
2
r2
∫ r¯
r
q2fdq in this solution
differs from prior reference (Mannheim and Kazanas 1989).
Here γ is a free parameter that determines generally nonzero
c2.
Exact solution of the XΦ equation with mean source
density ρ¯ forces the Xg source density to be residual ρˆ or
the implied fˆ . Because q2fˆ integrates to zero, parameter γ
cannot depend on residual density fˆ for any enclosed spher-
ical source, whether nucleon, star, or galaxy. Hence γ can
only be determined by the XΦ equation. Because q
2fˆ inte-
grates to zero, integrand q4fˆ for Schwarzschild parameter β
may involve significant cancellation of positive and negative
terms, contributing to the small magnitude of the classical
gravitational constant.
This is compatible with γ determined by the conformal
Higgs model (Nesbet 2011, 2013, 2015). κ can be chosen to
satisfy boundary condition v2(rH)/rH =
1
2
B′(rH)c2 = 0 for
orbital velocity v at halo radius rH (Mannheim and O’Brien
2011; Nesbet 2015).
4 THE CONFORMAL HIGGS MODEL
Assumed nonzero constants w2 and λ in Eq.(1) are
not determined by standard theory (Higgs 1964;
Cottingham and Greenwood 1998). Concurrent solution
of the scalar and metric tensor field equations determines
nonzero Φ†Φ = φ20 (the Higgs mechanism, electroweak
symmetry-breaking) replacing Einstein tensor Gµν in
the gravitational equation by traceless conformal tensor
Rµν − 1
4
gµνR (Nesbet 2011, 2010).
∆LΦ implies a modified Einstein equation. A univer-
sal nonzero scalar field implies the Higgs mechanism. The
resulting modified Einstein equation (Nesbet 2011, 2013) is
Rµν − 1
4
gµνR + gµν Λ¯ = τ¯Θµνm (ρ¯). (14)
Coefficient τ¯ and cosmological constant Λ¯ are determined
by Higgs model parameters in LΦ. Because τ¯ depends on
the currently unknown prefactor of LΦ, it must be inferred
from empirical data. Θµνm is the nongravitational energy-
momentum tensor. Lg, constructed from the Weyl tensor
(Weyl 1918), vanishes identically in uniform, isotropic ge-
ometry (Mannheim 2006). Hubble expansion, described in
this geometry, must be determined by Eq.(14).
In uniform, isotropic geometry with uniform
mass/energy density ρ¯, Eq.(14) implies a modified Fried-
mann equation (Nesbet 2011, 2013) for cosmic scale factor
a(t), with a(t0) = 1 at present time t0:
a˙2
a2
+
k
a2
− a¨
a
=
2
3
(Λ¯ + τ¯ c2ρ¯(t)). (15)
Evaluated at time t, Ricci scalar R(t) = a¨
a
+ a˙
2
a2
+ k
a˙2
.
Neglecting cosmic curvature k in accord with observed data,
conformal sum rule ΩΛ(t)+Ωm(t)+Ωq(t) = 1 follows if con-
formal Eq.(15) is divided by a˙2/a2, defining dimensionless
Friedmann weights ΩΛ =
2
3
Λ¯a2
a˙2
, Ωm =
2
3
τ¯c2ρ¯a2
a˙2
, and accel-
eration weight Ωq =
a¨a
a˙2
(Nesbet 2011, 2010). Matter and
radiation are combined in Ωm here while ΩΛ refers to dark
energy. Hubble function H(t) = a˙
a
(t) ∼ [T−1] = h(t)H0 for
Hubble constant H0 = H(t0). Setting a(t0) = 1, h(t0) =
a˙
a
(t0) = 1 in Hubble units of time 1/H0, length c/H0 and
acceleration H20c/H0 = cH0.
For k = 0 the standard Friedmann equation implies
sum rule ΩΛ(t) + Ωm(t) = 1. Ωm = 1 − ΩΛ requires mass
density far greater than observed baryonic mass. This has
been considered to be a strong argument for dark matter.
With k = 0 and omitting Ωm completely, conformal sum
rule ΩΛ(t) + Ωq(t) = 1 fits observed data for redshifts z ≤ 1
MNRAS 000, 1–?? (2018)
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Table 1. Scaled luminosity distance fit to Hubble data
Theory Observed
z ΩΛ Ωq H0dL/cEq.(16) H0dL/c(Mannheim 2003)
0.0 0.732 0.268 0.0000 0.0000
0.2 0.578 0.422 0.2254 0.2265
0.4 0.490 0.510 0.5013 0.5039
0.6 0.434 0.566 0.8267 0.8297
0.8 0.393 0.607 1.2003 1.2026
1.0 0.363 0.637 1.6209 1.6216
(7.33Gyr) (Nesbet 2011, 2010). This eliminates any need for
dark matter to explain Hubble expansion. Luminosity dis-
tance dL(z) = (1 + z)χ(z), for Ωk = 0, is shown in Table(1)
for α = ΩΛ(t0) = 0.732, where (Nesbet 2010)
χ(z) =
∫ t0
t(z)
dt
a(t)
=
∫ 0
z
dz(1 + z)
dt
dz
=
∫ z
0
dz√
2α ln(1 + z) + 1
. (16)
5 PARAMETERS γ AND κ
Conformal Friedmann Eq.(15) (Nesbet 2011, 2010) deter-
mines cosmic acceleration weight Ωq , centrifugal back to
the earliest time (Nesbet 2011). With both weight param-
eters Ωk and Ωm set to zero, Eq.(15) fits scaled Hubble
function h(t) = H(t)/H0 for redshifts z ≤ 1 as accu-
rately as standard LCDM, with only one free constant.
This determines Friedmann weights, at present time t0,
ΩΛ = 0.732,Ωq = 0.268 (Nesbet 2011). Hubble constant
H(t0) = H0 = 2.197 × 10−18/s (Planck Collab. 2015) is in-
dependent of these data.
Because fixed H0 implies uniform ΩΛ, the dimensionless
sum rule (Nesbet 2011) with Ωk = 0 determines Ωq(ρm) =
1−ΩΛ−Ωm in the cosmic background, and Ωq(0) = 1−ΩΛ
in the depleted halo (Nesbet 2015). Observed nonclassi-
cal gravitational acceleration in the halo is proportional to
∆Ωq = Ωq(0) − Ωq(ρm) = Ωm(ρm) (Nesbet 2015), where,
given ρm and H0, Ωm(ρm) =
2
3
τ¯c2ρm
H2
0
(Nesbet 2011). Free
radiation density is included in Ωm here.
Converted from Hubble units, this implies centripetal
acceleration 1
2
γc2 = −cH0Ωm(ρm) (Nesbet 2015). Thus the
depleted halo model determines γ from uniform universal
cosmic baryonic mass density ρm/c
2. Positive ρm implies
Ωm < 0 because coefficient τ¯ < 0 (Mannheim 2006; Nesbet
2011). Hence ∆Ωq = Ωm < 0 is consistent with nonclassical
centripetal acceleration 1
2
γc2, confirmed by inward deflec-
tion of photon geodesics observed in gravitational lensing
(Nesbet 2015).
This logic is equivalent to requiring continuous radial
acceleration across halo boundary rH :
1
2
γc2 − cH0Ωq(0) = −cH0Ωq(ρm). (17)
Signs here follow from the definition of Ωq as centrifugal
acceleration weight.
The Milky Way is treated here as a typical model galaxy
(McGaugh 2008; O’Brien and Moss 2015). Specific model
parameters are galactic mass M = N∗M⊙ = 1.207×1041kg,
for N∗ = 6.07 × 1010,M⊙ = 1.989 × 1030kg. To avoid as-
suming specific mass dependence, only results dependent on
total γ = γ0 + N
∗γ∗ = 6.35 × 10−28/m, are considered
here. The depleted halo model (Nesbet 2015) identifies κ as
a cutoff parameter at halo radius rH =
1
2
γ/κ. This gives
specific empirical values rH =
1
2
γ/κ = 33.28 × 1020m, and
cosmic mass density ρm/c
2 = 7.817 × 10−25kg/m3, using
M = 1.207 × 1041kg = 4π
3
r3Hρm/c
2.
For empirical γ = 6.35 × 10−28/m, given ρm and H0,
dimensionless − 1
2
γ c
H0
= Ωm(ρm) implies Ωm = −0.0433,
consistent with observed Hubble expansion (Nesbet 2011).
Ωm(ρm) =
2
3
τ¯c2ρm
H2
0
= −0.0433 implies nonclassical gravita-
tional constant
τ¯ = −4.96× 10−47s2/kg/m, (18)
for the conformal Higgs model (Nesbet 2011, 2013). The
standard Newton/Einstein gravitational constant is
τ =
8piG
c4
= 2.08 × 10−43s2/kg/m. (19)
For a single spherical solar mass isolated in a galactic
halo, mean internal mass density ρ¯⊙ within r⊙ determines an
exact solution of the conformal Higgs gravitational equation,
giving internal acceleration Ωq(ρ¯⊙).
Given γ outside r⊙, continuous acceleration across
boundary r⊙,
1
2
γ⊙,inc
2 − cH0Ωq(ρ¯⊙) = 1
2
γc2 − cH0Ωq(0), (20)
determines constant γ⊙,in valid inside r⊙.
γ⊙,in is determined by local mean source density ρ¯⊙. γ
in the halo is not changed. Its value is a constant of integra-
tion that cannot vary in the source-free halo. Hence there is
no way to determine a mass-dependent increment to γ. This
replaces the usually assumed γ = γ0 + N
∗γ∗ by γ = γH ,
determined at halo boundary rH .
6 RADIAL ACCELERATION AND BARYONIC
TULLY-FISHER RELATIONS
Conformal gravity, the CHM, and the depleted halo model
can be shown to be consistent with empirical relations in-
ferred from observed galactic orbital velocities, accelerating
Hubble expansion, and dark halos.
Static spherical geometry defines Schwarzschild poten-
tial B(r). For a test particle in a stable exterior circular orbit
with velocity v the centripetal acceleration is a = v2(r)/r =
1
2
B′(r)c2. Newtonian B(r) = 1 − 2β/r, where β = GM/c2,
so that aN = βc
2/r2 = GM/r2.
CG adds nonclassical ∆a to aN , so that orbital velocity
squared is the sum of v2(aN ; r) and v
2(∆a; r), which cross
with equal and opposite slope at some r = rTF . This defines
a flat range of v(r) centered at stationary point rTF , without
constraining behavior at large r.
MOND (Milgrom 1983; Sanders 2010; McGaugh 2008;
Famaey and McGaugh 2012) modifies the Newtonian force
law for acceleration below an empirical scale a0. Using y =
aN/a0 as independent variable, for assumed universal con-
stant a0, MOND postulates an interpolation function ν(y)
such that observed radial acceleration a = f(aN) = aNν(y).
A flat velocity range approached asymptotically requires
MNRAS 000, 1–?? (2018)
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a2 → aNa0 as aN → 0. For aN ≫ a0, ν → 1 and for aN ≪
a0, ν
2 → 1/y. This implies asymptotic limit a2 → a0aN for
small aN , which translates into an asymptotically flat galac-
tic velocity function v(r) for large orbital radius r (Milgrom
1983). For aN ≪ a0, MOND v4 = a2r2 → GMa0, the empir-
ical baryonic Tully-Fisher relation (Tully and Fisher 1977;
McGaugh 2005, 2011).
In conformal gravity (CG), centripetal acceleration a =
v2/r determines exterior orbital velocity v2/c2 = ra/c2 =
β/r+ 1
2
γr− κr2, compared with asymptotic raN/c2 = β/r.
If the asymptotic Newtonian function is valid at r and 2κr/γ
can be neglected, the slope of v2(r) vanishes at r2TF = 2β/γ.
This implies that v4(rTF )/c
4 = (β/rTF +
1
2
γrTF )
2 = 2βγ
(Mannheim 1997).
This is the Tully-Fisher relation, exact at stationary
point rTF of the v(r) function. Given β = GM/c
2, v4 =
2GMγc2, for relatively constant v(r) centered at rTF . For
comparison, MOND v4 = GMa0 would be identical if a0 =
2γc2 (Mannheim 1997), for mass-independent γ.
McGaugh et al (McGaugh et al 2016) have recently
shown for 153 disk galaxies that observed radial acceleration
a is effectively a universal function of the expected classi-
cal Newtonian acceleration aN , computed for the observed
baryonic distribution. Galactic mass is determined directly
by observation, removing uncertainty due to adjustment of
mass-to-light ratios for individual galaxies in earlier studies.
The existence of such a universal correlation func-
tion, a(aN) = aNν(aN/a0) is a basic postulate of
MOND(Milgrom 1983; McGaugh 2008). CG implies a simi-
lar correlation function if nonclassical parameter γ is mass-
independent (Nesbet 2018).
Outside an assumed spherical source mass, conformal
Schwarzschild potential B(r) determines circular geodesics
such that v2/c2 = ra/c2 = 1
2
rB′(r) = β/r + 1
2
γr − κr2.
The Kepler formula is raN/c
2 = β/r. Well inside a galactic
halo boundary, 2κr/γ can be neglected. This defines corre-
lation function f(aN ) = aN + ∆a, if ∆a =
1
2
γc2 is a uni-
versal constant, which would be true if Mannheim accelera-
tion parameter γ were independent of galactic mass Nesbet
(2018). This contradicts the definition γ = γ0 +N
∗γ∗ used
in fitting rotation data for 138 galaxies to conformal gravity
(Mannheim 2006; Mannheim and O’Brien 2012). γ ≃ γH ,
a universal constant, as shown here, could be tested by fit-
ting data for known galactic mass (McGaugh et al 2016) to
conformal gravity, to determine empirical γ(M).
CG implies mass-dependent effects at large radii, not
described by MOND. Orbital velocity drops to zero at an
outer boundary (dark halo radius) (Mannheim and O’Brien
2011; Nesbet 2015)). An empirical distinction between
MOND and CG requires accurate rotational data at
large galactic radii. CG parameter κ, inferred from such
data(Mannheim and O’Brien 2011), and consistent with the
boundary radius inherent in the depleted halo model (Nesbet
2015), does not have a counterpart in MOND.
7 QUALITATIVE RESULTS RELEVANT TO
PHYSICAL DATA
For specified nonclassical acceleration parameter γ, Ricci
scalar R is in general singular as r → 0, con-
trary to a constraint imposed implicitly by previous
analyses (Mannheim and Kazanas 1994; Flanagan 2006;
Brihaye and Verbin 2009; Yoon 2013). Removing this con-
straint allows γ to be determined by an independent source,
the conformal Higgs model of Hubble expansion, as shown
here. Parameter κ determines a cutoff at the galactic halo
boundary, consistent with observed rotational velocities and
galactic lensing. Singular R as r → 0 is consistent with oc-
currence of supermassive black holes at galactic centers.
The exterior Schwarzschild solution for conformal grav-
ity is valid on a subatomic scale. Mass/energy densities ρn
and ρp within a neutron and proton, respectively, must cer-
tainly differ. Assuming spherical symmetry, r4-weighted in-
tegrals βn, βp and r
2-weighted mass integralsmn,mp cannot
be expected to be proportional with the same constant. Two
constants Gn/c
2 = βn/mn, Gp/c
2 = βp/mp are defined.
Conformal gravity retains the Einstein equivalence
principle: test particles follow geodesics in curved space
(Mannheim 2006, 2012). However, the detailed argument
here shows that Newtonian parameter G for a macroscopic
gravitating body may depend on chemical composition,
hence cannot be a universal constant. This is not inconsis-
tent. Practical tests of the equivalence principle neglect the
incremental field of a test particle compared with the field
that determines its trajectory.
The formal argument here indicates that Schwarzschild
parameters βn and βp, for neutron and proton, respectively,
are not necessarily proportional to the particle mass. For
a macroscopic gravitating object, the effective gravitational
constant is Geff/c
2 = (Nnβn + Npβp)/(Nnmn + Npmp),
which depends on the ratio Nn/Np, plus a small effect of
electronic mass and net chemical energy. This may explain
the persistent problem of defining an accurate value of G
(Schlamminger 2014; Rosi et al 2014).
The present derivation and analysis show that any uni-
form background energy is included in the energy balance of
the conformal Friedmann equation, so that it would be ob-
served and measured by the Ωm weight inferred from Hub-
ble expansion data, as is cosmological dark energy in weight
ΩΛ. If vacuum energy exists, it would be included in the Ωm
weight. This leaves no uniform background source energy
density for the Xg equation.
Mannheim parameter κ (Mannheim 2006;
Mannheim and O’Brien 2011; O’Brien and Moss 2015)
is shown here to be consistent with the outer halo boundary
radius postulated in the depleted halo model (Nesbet
2015). Vanishing centripetal acceleration and consequent
elimination of stable galactic orbits beyond a halo radius
is a unique feature of conformal theory. It cannot be
understood in terms of dark matter or of locally modified
Newtonian dynamics (MOND) (Milgrom 1983; Sanders
2010; Famaey and McGaugh 2012). If a static gravitational
potential cannot extend beyond this boundary, galactic
interactions require colliding halos. Unbounded field energy
due to a source of infinite extent is ruled out.
8 CONCLUSIONS ON FORMALISM
The gravitational field equation deduced from conformal
Weyl theory for defined source density f(r) in the static
spherically symmetric Schwarzschild metric is ∂4r (rB(r)) =
rf(r) (Mannheim and Kazanas 1989; Mannheim 1991,
MNRAS 000, 1–?? (2018)
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2006). Exterior Schwarzschild potential function B(r) =
−2β/r + α + γr − κr2 is exact outside any enclosed
mass/energy radial source density. There are four indepen-
dent parameters, of which only two have specified values:
c0 = [rB(r)]r→0 = 0, α2 = 1 − 6βγ. For arbitrary radial
source density a particular solution exists that determines β
for any given γ and κ.
Consistency with conformal theory of observed Hubble
expansion (Nesbet 2013) and dark galactic halos (Nesbet
2015) removes uniform mean energy-momentum source den-
sity from the conformal gravitational field equation for an
extended bounded volume. This implies that nonclassical
acceleration parameter γ is determined by the purely time-
dependent modified Friedmann equation. A uniform non-
classical acceleration term γ due to the conformal dark halo
model (Nesbet 2015) has the expected magnitude, consistent
with negligible effect at subgalactic distances. Except for
small effects of chemical composition, this removes any con-
flict between classical and conformal gravity for subgalactic
phenomena. At close interstellar distances, conformal theory
predicts no measurable deviation from standard general rel-
ativity. These conclusions resolve objections raised by previ-
ous authors (Flanagan 2006; Brihaye and Verbin 2009; Yoon
2013).
A recent study of galactic rotation data designed to
eliminate the need for mass adjustment of individual galax-
ies (McGaugh et al 2016) indicates that empirical nonclassi-
cal γ is mass-independent (Nesbet 2018). Derivations given
here are consistent with this and with MOND constant a0
(Milgrom 1983; Sanders 2010; Famaey and McGaugh 2012;
Nesbet 2018). Empirical γ(M) should be optimized for the
data of McGaugh et al (2016).
The classical second-order equation for the
Schwarzschild potential has two independent parame-
ters. One is fixed by requiring a regular solution at the
origin, while the other determines the Newtonian radial
potential, which extends to infinity. The two additional
parameters of the fourth-order conformal potential allow
consistency with a concurrent solution of the conformal
Higgs field equation and also a boundary condition termi-
nating radial acceleration at a halo radius. This implies
physically that a static galactic gravitational field does not
extend beyond its halo. The classical second-order equation
has no such cutoff.
The hybrid metric considered here specifically excludes
cosmic curvature k, consistent with current empirical esti-
mate k = 0. This removes the longstanding flatness paradox
in cosmology.
The present analysis, together with earlier studies of
Hubble expansion and dark halos (Nesbet 2011, 2013, 2015),
establishes relationships among parameters limited to ob-
served data for individual galaxies. Extension to galactic
growth, interactions, and clusters has not yet been explored.
Basic parameters inferred here from empiri-
cal galactic rotation data (Mannheim 1997, 2006;
Mannheim and O’Brien 2011, 2012; O’Brien and Mannheim
2012; O’Brien and Moss 2015) include:
Cosmic mass density ρm/c
2 = 7.82× 10−25kg/m3,
Friedmann mass weight Ωm = −4.33× 10−2,
XΦ gravitational constant τ¯ = −4.96 × 10−47s2/kg/m,
MOND a0 = 2γc
2 = 1.14 × 10−10m/s2.
Milky Way halo radius rH = 107.8kpc,
Milky Way Tully-Fisher radius rTF = 17.2kpc,
compared with empirical galactic radius rG ≃ 15.0kpc.
The author is indebted to Prof. Keith Horne for helpful
questions and comments.
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